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Th« Ovemrrenoe of Xenon

io ooo of tho rareat of all the chwoical elementa. Tho OA!/ source 

at preaent Is tho &tiaoaphorof fro* which it ia recovered aa « bar-product, although 

tho JBonon ccntent ia cflijr oat pound in twelve hundred tone. Data on other possible 

oourcoo aro f«w, but no othor oourco aooa^ to of for auiefc proaiao*

JOrTRCUUCTIC* 

Thia roport on tha occurronco of xonoo ia Uio tooond in a aoria* of

report a boiac proparod b/ tho Q«ologi«al Uirv*/ in rvayooaa to an anpraoaion of 

iatoroat in aucii information b/ a »ar afooaj.

Xoaoti ia a ohomical aluaooi Bavin* tho atoado auaibar 54 *B* **  4toade 

noi^hi 131*3* It boloafa to tho sTOia? of oloaonts kn.»n as th« mart f*aoa acd 

ia charaotoriaod b/ it a laak of roaativit/* Onl/ a few ao^cunda, at able at low 

toajajoraturea and aifh proaauroaf are known. A number of reriewe of the  looont'a 

aiatory and proper ti«. are aTailabla (12, 23, 35* 3** 40).

Qoner^l

ia one of the rarest of all the ehemical elements. It waa oatlauted 

receatl/ (3) to form 3 x ICT^% bj *aijhi of the earth** cruet (laeludia* tho 

atattepherc) and to bo eighth-fifth in order of abundance of the nioetjr known 

elemento.

The distribution of th« xenon ^reaont in the earth haa probatljr boon 

 edified b/ throe smin factors (15}i



2.
Mt. , . .

(1) Xenon is pro&abl/ not unifcmly distributetj: 4»fct]ie, ̂ tgtwhere, but

should be concentrated by diffusion in the lowest layers* (2) Xenon is con­ 

stantly being withdrawn from the atmosphere by > solution in the waters of the 

earth. (3) As xenon is more soluble in water than the other inert gases, 

waters should be enriched in xenon relative to the other inert gases (except 

helium, which is being formed by radioactive disintegration). This last conclusion 

is verified by the recorded analyses.

The few analyses reported in the literature indicate that in natural gases, 

gases from waters, and volcanic gases, the relative amounts of the inert gases 

and of nitrogen are approximately the same as in air. That is, the ratios Xe/N, 

Xe/A, etc., are of the same order of magnitude as in air for most samples, although 

the absolute contents of xenon vary widely. A few samples have ratios Xe/N two to 

four, and exceptionally ten, times the ratio Xe/N in tip. If this constancy of the 

ratio Xe/N ehown by the available analyses is valid, there would be little prospect 

of finding gases with xenon contents significantly higher than that of the 

atmosphere.

Occurences 

1. In the atmosphere

8 x 1(T and 9 x 10 volume percent. This corresponds to 4 x ICT weight percent, 

or about one pound of xenon in twelve hundred tons.

2. In the gasev of mineral springs

Analyses of the gases of mineral springs have been made chiefly by Moureu 

and Lepape, who have summarized their results (18, 25, 26, 27). Some analyses 

have been published by others (7, 30, 31). In all, approximately one hundred 

and fifty analyses of such gases have been published in the past fifty years,



but ami/ twcmt/ iaclute^^fta^Uuiticoa of xenon, ttoet'Heve *enpa coate^t* less than 

that of air{ a few have xenon content t two to five tlmss that of air. Xenon la 

enriched relative to argon and the other Inert gases, the average la/A ratio belAf 

cpmrccimaicl/ !   times the la/A ratio in air. Aeetaming that this ratio it ccnsiant, 

one ma/ calculate the xenon content of samples for which only aifem determinations 

have been made. Theee estimated xemeji content a are of the same order of magmitude 

aa thoee actual!/ determined.

3* In natural gaseo

Man/ anal/see hare been publiaheo of vclcaaic ftaaea, faeee fro* rocks, mine 

faeee and natural ga«ee (1, 16, 19, 27, 2i, 32, 37, }*), but xenon has bean det«r~ 

 Inod in onljr sixteen, and arcoa in ralatirel^ few. The jcencu content   reported 

have be)fji HKli lewar taan that of air. The rmtioe la/A, A/"»  fcc *f *'  1Mr9 variable 

than in the faaaa f ram sjprinf «f but are within a pow«r of ten of the ratios in air*

Data are entirely lackinf f er the inert §a* content of the fa»ew from which 

helium ia bein« extracted in the United States. A few of these are rich in nlt&gen, 

and theae michi be expected to hare xenon contents approximating or olightl/ higher 

than that of air* The halite-rich gases that contain high percentages of hydro­ 

carbons might be  ifuntcd to contain lees xenon than air.

or UDMI
In the fractional liquefaction of *lr, xenon la concentrated in the ox/geo» 

rich fraction and ia separated b/ a series of complex fractionaticn «nd adsorption 

processes* The recover/ is oUtec to be about 75* (24)* The processes Used have 

keen described by man/ authors (2, 5* 6, 7, «, 9, 11, 13, 14, 17, 20, 21, 22, 24, 39). 

Increasing interest in th« recover/ of xenom (and krypton) ia evidenced t>/ the 

issuance in receM /ears of numerous patents on methods of recover/ from air. Plants 

designed to recover eml/ k|5pton and xenon fro^i air have recentl/ been put into 

operation (If).



4.
^ *

Tfct aul/ t)th«r Mrnrc* o.' tv xnort taat* that haa toa* *ftu«g«atact la tha taata 

frua tha ayntliaaia », . unit (14)* Thij vou!4 probabl/ b« a poaaibla aourc« of 

but n«arljr all ib« x»ncn thc^Ud bar« b«*ii r*«rr«d along with the *xy$9A.

W0C1S or

di.'ficult/ o/ »*p* rating jitnon fro« at bar gaats tad lha alaborat« 

racmlrad appear to txcludt th« poaaibllit/ of Ita r**«Y«ry fr«« avurcaa other than 

theM« Mich aa air, ylaldlftg otter raluabla eon0tltu«nta* On tha baaia of tha 

faw av«llabla data, thara aaaaa llttla llicallliood that aoureaa nlH b« found with 

hl*h joaaaa eentanta te Juatlf/ recovery oi jbano/i aioraa.

eon

 o infot«atior, la available to the Gaologloal . array on th« praaant production

of xaooo* Xnatallatlcn of r«cor«r> a/ataaa In plant a aat naw reaoverlng xaajoa 
* 

appaara to ba tba baat avallabla «»thod of inaraaaing tha producLi,./..

it HQuld alao ba daalrabla to hava anal^»«a amda of a^aplaa of tlw gaaaa frc« 

which hail;** la oev talAg racovarad, aiaca th«aa gaaas ara bainf ptr»oa>aaad»



5.

Motot Th« oritinal p*p^ra »era aeaa axcapt thoao for which rofaraojto to aft abotrojrt 

journal ia fivan.

1. Allan, C. T. Ghoaical aopocta of voloaniaa aith a eollaation of tha analyooa of
Yolaanic gaaaa. 

J. Franklin inat. 193, 29-40 (1922)*

of tha analjraaa ftiYa xenon; U* faw for which mrfoa toiitaato wara dataraijiad 

A/M ratio* net «uch iliriarani than in air*

2* Allan, f . J, and Moorat H. *. Extraction ef krjrptoo and xanc« from liquid air
raaldoaa. 

J, Aja, Cham» !.oc. 53* 2^1^-^522 (1/31).

Labor* tor/- acala axtractlon .a daacrlbad, with a hie tori oil

3* AJMl«raon, J, B* Chamiatr/ of tha aarth.
£outh al«» 76, 3tt-3t5 (1943).

A faaaral account. Xaaoa la aatljutad to for* 3 ^ 1D"$ b/ wai^ht of tha 

aarth ( t cruat and ia tha aicht/-.fifth i^ al>yAdanea of tha ninat/ aiaawita*

4* Aaton, F, W. Tha rarltj of tha inart ga*a« on tha aarth* 
Iat4ira 114, 786 (1924).

A plot of tba abundaoea of atoaa va* thair aaat numbart ahowa that tha inart 

faaaa ara auch rarar than would ba axpaatad, about eoa  illiontb part or thair 

propar quota. Tha raaaindar prababljf hat o««a lost to Uto ami*

5* Bajer, Jao^i»aa* lAdvatrial proauctioo of krTptoti (in
La »at«ra lo. 2991, 55»-561 (1936) f Abatr. 31, A12B (1937).

Daaeriptioa of tha racorarj of krypton and JIOAOA from liquid air, Ona factory 

in Franaa la aaid to produca thirtj litara of krjrptcc and four litara of JcaAoa a

4* Olaado, Oovrfaa. Tha iodue trial production of nryr u .;,-  -. .^«. (ia f ranch}. 
frao. 5*ronth Intarn, Coogr, Rafri^. 1?36, 1, ko. 43» ^7/* 

Abatr. 32, S219

» Clauda, Oaorgai. ftur l foztracttkrpton at du xencn da 1'air at daa fa*
diaaoua aana 1'aau. 

Co«pt. Road. 1*7, $61*585 (1920).



A description of tha iuauatriol oxtraation, CAMS fro* natural vator* hara 

la/11 and I a/ A ratio* than air bocaaj* tha eoluoilit/ o: xenon in vrntof > it groatar 

than thc»* of tin other inart gaooa.

S. Clauda, u»or£aa. Xhc industrial axtractl&o of krypton and xanon fro* tho air, 
and a hiatorioal rarioa of th« ^;amtry angagod in thangagod in tha prodtooticn of liquid air. 

lea and Cold storaga 42, No. 497* 118 (1/39) | * *. gaa* froid 20, 22>229 (193V)| 
Chan. ,brtr. >4, i27, 7550 (1940)*

9» Ctlton* h. » Inert ^aa«a *» th'^r producil&a 
Choa, Mai, . j£uc« 44f ^iaV4J< (1937)*

A brlaf aoawar/. It ia atatad ttat xanon eoatt $425,000 par eoaii foot.

10. Daafcbhlar, CarAard* Kaiiioa&tiMnMC tea KiTpUn-imd Xtaan Oihiltaa dar
ataosphiriaehan luft, 

Z* Eloktrocham. 41, 74*00 (1935)*

avara^a of aix dotaiminationa «aa 0.03 Tolum«a of xaaoa par aillion
-6 

Of air «  x 10 voliaao par cant.

11. FAaterakj, ?. C. Saparation of krjpioA aid
J. Applied Chom. U.^.5.». 12, 675^664 (in Kuaian), bd5 (in Prooch) (1939)*

A rariaw*

12* Oroaa, >. P., Jr« liara g^««c in ar«r/da/ oa«, 
V. Cha*. .'4. 1«, 53>519 (1941).

A gonoral accouni, including diatuaalon of poaait>le usea.

13. Jordan, I., b. Production of ooqrgan, nitrogan ana rar«-gaa «la*anta.
Proc.-i.orld ang. Can*. loigro 1929, 31, 131-13* (1931) j Choa. Ab«tr. 25, 5253

14* Upuatin, M. P. Kara gaoet in tho waatoa from tha tyntboaia 01
(in Kataian). 

J. Choax. lad. (U,3.£.ft.) 13, 464-466 (1936)| Caom. Abatr. 30, 50CO. (1V36).

Oiacuaaion of tha  riric;^«nt 01 argoa (aaJpraau^abl/ kr/pton and xanon) in 

thoaa vaata* an^i tha poaalbillt/ of r«covary,

15. Ihlapin, f. 0. QMrhatilttry of tha nofcOo gaoaa. (in Ruaaiaa).
Coapt. roAd. aead. aci. U.R.£.£. 1931A, »   H, 296-303- (^rom a tranalatioa 

b/ Tai«ia

uniform dlatrlbutlon of tha b*av/ rara **»   ia prcbabXy aodifiod b/ two 

factors. lancn ehoold ba ecmeenlratad  na>atrtiat bjr diffusion in tho lowor part of

tho ataoaphoro, but ia 4l«c witnan^n iron tho ato*afjhar« bacaua* of it*
aolubiiltj in wator, highar thmn thooo of tha othar inort *aa««. Tho caaaa of «&t«ra
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oftoold thcraforo )»o ralatival> erir.o -s5 In x«ncrt, »n *a* MiiArorifiod by

16. Erojei-£raf, Farl. Zur Goochoaia dor ftaturgaaa. 
lall 26, 249-252, 2oM-a*5, 275*278, 207-290 (1934),

Anal/ooa of 106 natural easoo, ocl/ a fan of whioh includo 4ataraiiutlotia of 

total raro faaoa.

17. Laelarc, £dau and Haux, H* Loo gai raroa, production ot application*. 
Rot. uniror»«ll« itinot 13, 350-354 (1937).

brlof 
A/roriov of rooororj fro« air*

It. Lopopo, Adolph*. I«B r&i raroo doo oanz ninoraloa* 
Qul». pura applicaum 9, 29-46 (1934).

A roviow, Hot log aaal^eoa of fatoa froa about fifty olaoral apriaft. rh« 

of tho raro t aao« var/ widely, bat tho ratloa AO/A, Xo/Jtr, *tc., oo cot 

Tar/ ameh froa Lh« ratio* in air.

19. Uvi, -. :. y Jitalni, A« U* and do Cori, I. a rari a n^ioattivita aoi gaa
naturali ic.rocarburati l|alUni. 

GOM. ahiau Ital. 62, 799^21 (1932).

«r* lv«n <   t»«i,t/-Vhr«o Igrdrocai boa gaaoo. Xonon waa not d«t«roi*od. 

tfeo ratio A/K waa CIM Uc two ti*o» that i« air.

30* Mathiaa, ^« Tha imiuttr/ of vary low toa^poraturaa and of tha rara faaaa.
. Intam. Inat. hofri«. 15, 91-10tA (1934)$ Cbom. Ab.tr. 29, 4215 (1935).

A rwriow.

21. Uathiaa, H. Tho rara aa«s.
Rafri aratlm Sof, 30, 1>6-19« (1935).

A roriaw of tho iojduotrj a»d now

22. Hathiaa, £« Th« indurtr/ of varj low taap«ratmraa and of tii* rara gaaaa. 
Bun. Intern. In»t. Rofrif. 17,   . 4, A25-49 (193*)i ch««- ' b<rtr - 31, 5622 

(1937).

A roriow.

23. Mallor, J. V. A iwifi itiin Mi i traatlao on inorgniilt and thacretical chamiatrj. 
Vol. VII. Uttt*ttna, Qraan and Co.

Pa*aa it? to 951 coal "ith tao in»rt
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24. Kottgerf /. J. Traces (of rare met) from too*. 
lad. -ng. Cfcoa. 27, UU~116 (1935)*

A ferUf description of the reeovoyy of xemxi fro* air. It io stated that 

recovery !  about

25* Moureu, Charles. JUcharches war lea gat rare a deo  eureka theraaloe. 
Bull. »oo. ehim. £4/ 9-^f ^5 (1V11).

A review^ «ith flity-seren analjse< of &&    fro* thtraal tprii^f. Io data 

ar« flv«fi on xanoo content, cnx,- tn« total of ar$M + xanc^n * krgrptoo wac d*t«r~ 

mined. A f«« ccntaia acr« argon than air and the aaxlana recorded !  1.6 tiaoa 

that of air.

26. Ifoureu, Charles. Raohorchoa our lea gas rarea do» aoureea theraalot|
lour enoelgaeaents conoarnant la radloaotiTiti et la ph/sique du rlo^o. 

J. chia. ph/a. 11, 63-153 (1913).

A roviow, Much as (25) atavo, but »oxe detailed and with thirteen additiooal 

analjroos.

27. Mourou, Charles. Loo gam rarea doo gax natwolo* 
J. aM. joo. (loiMion) 123, 1905-194? (1923)*

A rorioVf ooo (25) and (26). Aaal/ses are given of gases from UDfl thermal springs 

with x/enon determinations on 17. The ratio Xo/A variea from 1*2 to 2.5 times that 

of air. ilx anal/sea of mine gases show vary little argon and other rare gases.

26. kcureu, Charlos and Loyajpo, Adoljbo, Loo gat raroo do grioous. 
Ann. chim. 4, 137*157 (1915)} 5, 5-51, 225-257 (1916).

A review, five analjroeo of gaoos from coal mines ehcm aaximum content of argon + 
 f jmoon of 0.04JK b/ volomo. The ratio Xo/A i* approximately ths oamo a& In air,

* Mourouf Charles and Lepapo, Adolphs. litre de I1 air atmoaj^erique en krypton 
et en xoaoA.

» 171-175

Air contains 0.000009* Xo Itgr vclome, 0.0000/4 bj weight.

30. Kaaini, A* 0* Rapport aur les gas raros deo oaux minorales. 
Kev. quim. pura applloada 8, 31-42 (1933)*

Anal/ e« s are given of ga»oj-froa ^8 sources* Ko dotoralnations of xenon are
r

given, onl/ determinations xu    . ^ '  ' t  -*  xotton. Tho ratio A/fc lo noar that 

of air for most saaplos. * -^
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31. PoMchor, M. F. SHT la ttnour iajii/yion ot en   MB do iqpaVMjaW f*« naturela
do Bulgaria, 

tapt* rond. 192, 691-693 (1931)*

Analjroia of ftooo fre« throe apringa fare 1 to 2 x 10~5* le. Tho ratio lo/A 

waa nearly that of air.

32. Plotti, Arnaldo and Bo«io-Lara, 1, Sui gaa ocbill ci«lla taaUmiciil 
R«nd. accmd, »ci. Rapoii 30> 92-99 (1924).

M* ar« glvtn or six volcanic ga»«a for argca + kr>pt<>a  «- xsaon. Th« ratio 

«%  allffhtljr lo*«r than In air for flv* ga»«af »uch low«r In MB.

33* R^bii^o Itcch, . u^on. OtMr JOB Oohalt d«r Loft an Krypton m* lonon. 
i. «JKO«. OKA. 39, 717*733 (1926).

A roriow of d«t«XHaloatlona of tho xoaoii ceotont of air.

54* laaooy, Wllliaa. AB attoapi to ootiaato Uio rolatlvo aaooata of kiypton and xoncn
In ataoaph«ric air* 

?r«o. hoy. , o«. LoridOA 71, 421-427 (1903)*

An «arly ciwtaraiaation, nov ouporoodod,     (IX)) and (29)* 

35. ftAjaea/, - UllaA, Tho §aa«a of th« atnoaphoro. fourth Edition, 

A gonoral account*

34. Rutherford, Lrnovt. Tho raro gaaoo of tho at«c»p)i«r«. 
121, 353-354,

A brlof roviov*

37* 0Borftl, VBborto* IVotonsa dol triple o dollo xonof oltro cho clofll altrl (aa
noblll, nol JofflxHii boraelforl toaoanl, Aapotta £ooohl*l a d«llk coopoalslcno 
 ol .^offloni, 
i. a* cad. Italia, CUooo acl. fla* aat* r.at. 8, 533-53« (1937).

of gaooo frw ton fttotrclo* In Tuoeany »how 1,4 to 6,7 x ICTt bjr vclum« 

Zo or O.C016-O.0074 tinoo tho oontont In alri

3t. finophtrd, £. f. Tho *a»«* In rocko and aomo rolatod problaaw. 
J. lei. 35^, 311-351

AAal/tot aro glvon of tho faooa ronorod fro* rock a. *11 aro low in argon.

39. Siodlor, Ph. Tho manufacture and utUUAtion of tho raro ga*oa» (In Ooramii). 
r. Cho*. 51, 799-^06 (193^).

A rorlov, lucludlof doocripticns ox plaMa in Fraaoo and Oonaan/ doaifftod to re­ 

cover only krypton and »onon from air*
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